Gigahertz-Peaked spectrum (GPS) sources are compact active galactic nuclei, presumably young precursors of bright radio sources. The study of GPS radio properties provides information about the features of synchrotron radiation in extragalactic sources. Also in applied research GPS sources are useful as compact stationary radio sources in the sky for astrometric purposes. This paper presents the results of a multifrequency GPS study based on quasi-simultaneous measurements with the RATAN-600 radio telescope during the 2006-2017. The catalog containing spectral flux densities measured at six frequencies (1.1, 2.3, 4.8, 7.7/8.2, 11.2, and 21.7 GHz) have been obtained. In addition, for the analysis of radio spectra, data from the following low-frequency surveys have been used: GLEAM (GaLactic and Extragalactic All-sky Murchison widefield array survey) and TGSS (Tata institute for fundamental research GMRT Sky Survey) and high-frequency measurements from Planck survey. A total number of 164 GPS and candidates to GPS have been identified (17 of them are new discoveries), which makes up a small fraction of GPS in the initial sample of bright AGNs, about 2%. The physical properties and formation conditions of synchrotron radiation is found to be quite different in GPS of different AGN types. The deficit of distant GPS (z > 2) with low maximum frequencies (less than 1 GHz) is confirmed. The existing "size -peak frequency" anticorrelation is continuous. The continuum radio spectra are found to become statistically steeper with increasing redshift.
INTRODUCTION
Gigahertz-peaked spectrum (GPS) sources are compact extragalactic sources, distinguished by their convex radio spectra with peak at several GHz (in the reference frame) 1 . They believed to be young predecessors of massive radio loud radio galaxies [1] [2] [3] . There are two classes of objects with properties similar to those of GPS, but they differ in peak frequency domain: Compact Steep Spectrum (CSS) have ν int <0.5 GHz and High Frequency Peakers (HFP) have ν int > 5 GHz [4] [5] [6] [7] . The above frequency boundaries are conventional, because the peak value may vary, and that is why in the literature these objects are often referred as GPS. All of them are distinguished by high radio luminosity L radio ∼ 10 43−45 erg/s and compact size that less than 1 kpc [1] for GPS/HFP and about 20 kpc for CSS, low radio variability (a few percent) and small magnitude of polarization [1, [8] [9] [10] .
GPS and CSS sources are believed to account for 10% and 20% of the brightest representatives of active galactic nuclei (AGN), respectively. However, recent studies with the RATAN-600 have revealed that the corresponding fractions are much smaller [11] [12] [13] [14] [15] . The shape of the spectrum after turnover frequency is often explained in terms of the synchrotron self-absorption model (SSA -synchrotron self-absortion) or with the free-free absorption model (FFA -free-free absorption) [16] . The commonly adopted model explaining the small sizes of such objects is the youth scenario [17] [18] [19] [20] [21] [22] . The presence of dense environment surrounding their central regions can also hide their active and rapid expansion [1] . The well-known "linear size -peak frequency" anticorrelation [2] also indicates of the young age of GPS/CSS sources [20] .
The origin of some GPS (about 10%) is explained by the recurrent activity of radio galaxies [23, 24] , when objects have a high radio luminosity for a long time. This hypothesis is confirmed by the discovery of diffuse radio-emission areas around some GPS, which may be the remnants of previous periods of activity [23] . It was also suggested [25] that GPS quasars are blazars surrounded by a dense gas and dust medium. It can hide blazar properties during observations, despite the close line-of-sight location of the jet.
The observed radio spectra of GPS galaxies can be explained fairly well by projection effects [16] . There are few ready made scenarios for GPS quasars, and the samples are significantly "contaminated" by variable objects with temporarily inverted radio spectra [26, 27] . GPS quasars are the most compact (with sizes from several parsecs to several hundred parsecs) and have complex structures with a core and an emitting jet. Their compact size is due to the orientation of the jet, which is aligned close to the observers line of sight [16] .
GPS sources are obviously a heterogeneous group of extragalactic objects. The inclusion of a significant fraction of variable quasars in such samples affects the results of their analysis. An attempt of multidimensional ordering of the data about the various properties of GPS/HFP objects [28] revealed many subgroups (clusters), which differ significantly in their properties. All known GPS quasars were reasonably included into Roma-BZCAT blazar catalog [29] . It has now been established that there are two types of GPS sources: classic, non-variable young objects, we will designate them as type 1 GPS, and variable objects often associated with blazars -we will designate them as type 2 GPS. There is a slight difference in their spectra: the GPS of the first type have a narrower peak, whereas those of the second type usually has a wide peak [15, 30] . VLBI measurements are a reliable way to distinguish these objects [31, 32] .
GPS sources are considered to be the predecessors of AGNs, as an early stages of their evolution [1, 2, 7, 10] . Hence that is interesting to study the possible connection of GPS with distant objects of the Universe [33] [34] [35] [36] [37] [38] . The new measurements with high sensitivity at decimeter band [39] [40] [41] allowed the study of the compact objects with the peak in the spectrum below 1 GHz -Megahertz Peaked Spectrum (MPS) objects. Today, MPS are key objects for an alternative search for extremely distant objects (z > 6) [33, 37, 38] , when spectroscopic redshift measurements are difficult due to the multiple Ly-α absorption lines on microwave background photons.
The aim of this work is to study the GPS radio properties over a wide frequency range (0.075-857 GHz) on time scales longer than 10 years. We analyze the properties of objects depending on the AGN class. Our analysis is based on measurements made with the RATAN-600 (1.1,2.3,4.8,7.7/8.2,11.2 and 21.7 GHz) during the 2006-2017 period of time. A significant amount of additional measurements consists of the data from the CATS astrophysical catalogs support system [42, 43] . Additionally, the millimeter-and submillimiter-band flux densities were estimated for bright objects based on the analysis of the Planck survey map images. In our computations we adopted the following values of the cosmological constants: Ω m = 0.27, Ω Λ = 0.73, H = 71 (km/s)/Mpc.
THE SAMPLE PROPERTIES AND OBSERVATIONS
We study the complete sample of GPS source and candidates (S 5GHz ≥ 200 mJy) from [15] . In that work a total number of 467 radio sources with a spectral maximum were selected, and 112 candidates were considered as GPS sources. GPS objects and candidate from this list were observed with the RATAN-600 within the framework of a planned research program in 2006-2017. Intermediate results of the monitoring for the 2006-2011 period were published in [12, 13, 15] . The observations were carried out at the frequencies of 1.1, 2.3, 4.8, 7.7/8.2, 11.2, and 21.7 GHz. We selected GPS sources based on the criteria from [1, 44, 45] , according to which the properties of the GPS radio spectrum should which should coincide with the theoretical spectrum of a homogeneous self-absorbed synchrotron source with a power law electron energy distribution. These criteria includes: spectral indices of the optically thick and thin radiation regions is about α below =+0.5 and α above =-0.7, respectively [45] ; the full width of the spectra at half maximum (FWHM) on the order of 1.2 frequency decades [1, 46] ; and the variability index V radio ≤ 25%. The redshifts values for objects studied are in a range from 0.01 up to 4.5 and are known for almost half of the sources (Fig.1) .
Spectral flux densities were measured with two sets of continuum radiometers, their parameters are presented in Table 1 : (1) using secondary mirror №1 at the frequencies of 1.28, 2.25, 4.8, 7.7 / 8.2, 11.2, and 21.7 GHz (designated as "1" in the Table 1 ) and (2) with the three-frequency "Eridan" continuum radiometers using secondary mirror №2 (designated as "2" in the Table 1 ) at the frequencies of 4.8, 11.2, and 21.7 GHz. The RATAN-600 continuum radiometers are the direct amplification receivers with a square-law detection. All the radiometers were designed as the "total power radiometer" mode. We use the standard data acquisition and controling system based on ER-DAS (Embedded Radiometric Data Acquisition System) [47] . The current level of the receiving equipment is provided by low-noise uncooled amplifiers based on high-electron mobility transistors (HEMT) and digital signal processors in the data acquisition system. The observations were made using two-and three-mirror antenna configurations. The angular resolution of the radio telescope depends on the declination of a source being observed, and due to the knife-edge shape of the beam, it is three to four times lower in declination than in right ascension. The detection limit for the RATAN-600 is approximately 5 mJy (3 s integration time) under good conditions at the frequency of 4.8 GHz and at an average antenna elevation. The data were processed using an automated system of the reduction developed for the RATAN-600 continuum observations [48] , based on the modules of the standard FADPS (Flexible Astronomical Data Processing System) package [49] and designed for a mass interactive processing of output of the RATAN data. Estimates of measurement errors and the flux density calibration procedure can be found in [12, 13, 48, [50] [51] [52] . The information for secondary calibration standards is taken from [53] [54] [55] [56] . The systematic uncertainty of the absolute flux density scale (3-10% at different frequencies) has not been included in the flux density error. The total error of measured flux is determined by the calibration error and the antenna temperature error:
where σ s is the total flux error; σ c -flux density calibration error; T ant,ν -antenna temperature at the frequency ν; σ t -antenna temperature mesurement error T ant,ν ; S ν -spectral flux density; g ν (h) -calibration factor, that takes into account atmospheric absorption and telescope effective area dependence on the elevation h. The elevation of the antenna h=90 o -φ+δ, where δ -source declination, φ=43 o .653 -is the telescope site latitude. The average spectral flux density measurement error for the sample is 15%, 7%, 6%, 5%, 7%, and 12% at 21.7, 11.2, 8.2/7.7, 4.8, 2.3, and 1.2 GHz, respectively.
The continuum radio spectra of GPS sources are presented in Supplementary materials. Some of the spectra can be analyzed in the interactive catalog of RATAN-600 measurements of BL Lacs [57] . The crosses with downward arrows show the estimated fluxes of the "hot spots" (positive responce) on Planck maps. The spectra were analyzed using spg module of FADPS package.
The results of GPS measurements during the 2011-2017 period are presented in Supplementary materials and also at the site of Strasbourg Astronomical Data Center (CDS)
2 . In this paper we just provide a fragment in Table 2 : Column 1 -object name according to the NVSS catalog; Column (2) -the mean observational epoch, and Columns (3-8) -the inferred spectral flux densities and their errors as measured at RATAN-600 frequencies (indicated in the upper part of the figure). Based on the GPS selection criteria (see [1, 12, 13, 15, 45] ), we selected 164 GPS objects and candidate objects whose data we give in Table 3 . Seventeen among them (marked with "*") are identified for the first time. We also marked with asterisks "*" 30 more objects, which we identified for the first time as GPS candidates in our earlier paper [15] . Table 3 provides the following data: (1) -Name of the object; (2) -CSS, GPS, or HFP, and candidate "g" for objects with unknown redshift; in Column (9) indicate the sources located distances greater than 2.5 (up to 3.5 ) from hotspots in Planck maps. In these cases the hotspots are often rather extended and the sources are located at their periphery.
In general, the objects studied are bright radio sources with a median flux density value of several hundred mJy (see Table 4 ). The GPS objects of type 2 are significantly brighter at almost all frequencies (Fig. 3) . 
THE FLUX DENSITIES ESTIMATION AT MILLIMETER AND SUBMILLIMETER BANDS
We derived the spectra of the sources in the millimeter-and submillimeter-bands based on WMAP 3 (23-94 GHz) [58] and Planck (30-847 GHz) data [59] . Planck measurements have three times higher resolution and 10-times higher sensitivity. The WMAP and Planck data partially or completely coincide in time with the RATAN-600 GPS monitoring program in 2006-2017. For the faint objects, which have no Planck measurements we estimated the upper flux density limit using the technique proposed in [60] . We used the maps of the microwave emission components obtained by Planck space telescope 4 [59], and the Planck source catalogs, which are available from the Planck Legacy Archive -PLA 5 . There is a hypothesis about the increased likelihood of a positive response ("hot spots") on microwave background maps if a radio galaxy is located there [61] . It was shown that a fairly large number of extragalactic point sources with different spectral properties are detected at the 4σ on Planck maps containing signals of both the frequency channels and the cleaned CMB [60, 62] . We used Aladin application [63, 64] to identify the spots with the objects studied and to measure the distance from the source to the center of the spot. We selected spots with the centers located no farther than 2.5 and 3 − 5 from the sources at frequencies above 100 GHz and below 70 GHz, respectively.
We used Source Extractor program (SExtractor) 6 [65] for photometric measurements of the signals from spots and to determine the integrated brightness of spots on Planck maps. Then we converted the inferred brightness temperatures into fluxes using the calibration curves [60] , which relate flux densities of the sources (in Jy) with the microwave background tem-perature on Planck maps (in Kelvins).
In this work we followed the procedure for determining the calibration curves using objects from lists [13, 15] with known Planck catalog densities as calibrators. To control the technique, we compare the fluxes so obtained with the Planck catalog fluxes for sources with such data. The mean ratio r of the fluxes determined using the above technique to the fluxes given in the Planck catalog and the standard deviation of this mean ratio for the calibrators [13, 15] lie in the r = 0.97 − 1.05 and σ r = 0.2 − 0.4 intervals depending on the frequency.
The obtained upper flux limits for spots in Planck maps located in the vicinity of GPS sources were also included into the spectra of the objects (Fig. 2, downward-pointing arrows) . We computed the two frequency spectral indices and constructed their distributions. The histograms are shown in Fig. 4 . The hatched areas present the distributions of spectral indices based on Planck measurements exclusively, and the white areas correspond to all data including both direct measurements from tne Planck catalog and the estimated fluxes of "hot" spots with the coordinates matching those of the sources.
The distributions of the spectral indices α 30−44 , α 44−70 , α 70−143 and α 143−217 , based on our upper flux estimates show the same pattern as the corre-sponding distributions based on Planck catalog data. This pattern also agrees well with the results based on two releases of the Planck catalog [67] [68] [69] . Thus the behavior of the spectral indices distributions reported in [67, 68] and our distributions (from α 30−44 to α 143−217 ) shows appreciable shift of the histograms toward lower α, which is due to the steepening of the spectral indices of the sources. Such a distribution of indices at low frequecies is due to the predominance of sources with synchrotron radiation. The histograms of the distributions of α 217−353 are differ from those reported in [67, 68] . Most of the sources in our list, including those that have flux densities in the Planck catalog, have spectral indices in the −2 < α 217−353 < 1 interval, and this fact also confirms the predominance of sources with synchrotron radiation. When going to frequencies above 217 GHz, a small fraction of the GPS objects shows a rise in the spectrum at 353-857 GHz, and the two frequency spectral indices α 545−857 and α 353−545 become greater than +1. According to the classification proposed in [69], such sources can be considered to belong to the "intermediate synchrotron" type. These are sources with signals detected at the frequencies of 545 GHz and 857 GHz and exhibiting both a strong synchrotron component and a significant dust component. Objects of this type were discovered, for example, when studying the spectra of extragalactic sources in [70] .
Less than 10% of the sources analyzed in [69] were classified as "intermediate". Their fraction increases substantially if we remove the condition of the completeness of the sample in terms of the high level of photometric noise in the signal and include the sources with lower fluxes.
If we consider only the distributions of two frequency spectra based on the Planck catalog data exclusively with a detection threshold of more than 4σ (Fig. 4 , the shaded bars), when this sample consists practically of purely "synchrotron" objects. Of the 10 objects with the 857 GHz available in the Planck catalog, only four have indices α 545−857 > 1, which make up about 8% of the sample. Lowering the detection threshold down to about 1 − 3σ increases the number of objects near which spots were found in Planck maps at the frequencies of 545 GHz and 857 GHz.
The rise of spectra at high frequencies can be due to the signal from cold Galactic dust present in Planck maps, although we cannot rule out the contribution of the proper internal dust of the sources. We cannot make more specific conclusions because the α 353−857 spectral indices were inferred based on estimated data. Table 5 presents additional measurements from the CATS database in the form of list of catalogs. We mostly used low-frequency and simultaneous mutifrequency measurements. We used low frequency measurements from GLEAM survey, which was conducted in 2013-2014 [40] at the 72-231 MHz band at 20 frequencies with an angular resolution of ∼ 2 and with a flux density detection limit of 50 mJy. Our analysis also includes TGSS survey measurements, which is conducted with the GMRT (Giant Metrewave Radio Telescope) telescope at 150 MHz [39] . The first data release of the TGSS ADR1 (Alternative Data Release) [39] is based on 2010-2012 observations. The catalog includes 620 thousand objects discovered with the flux detection limit of 7σ and angular resolution of 2 . Both catalogs complete the objects spectral information at the frequencies below 1.1 GHz. In addition, the analysis also includes the low-frequency measurements used in [13] .
ADDITIONAL MEASUREMENTS
Additional low-and high-frequency measurements allowed us to determine a more reliable spectral classification, highlighting compact objects subclasses: CSS, GPS and HFP (Table 3 ). 
ANALYSIS OF GPS RADIO SPECTRA
As a result of the combined radio spectra analysis of sample objects we determined the following parameters: the peak frequency ν obs and ν int in the observer?s and reference frames, respectively; the spectral index α below and α above of the optically thick and optically thin emission region, the FWHM (in the units of decades of frequency) and the variability index V radio [13, 15] .
Classification of the objects by type of their spectra, AGN type and morphology are given in the Table 6 . About 40% of the objects are type 2 GPS sources [29] with a spectral peak mostly at frequencies of ν int > 5 GHz (HFP). The information about VLBI morphology is available for one third of the sources -mostly compact symmetric objects (cso), core-jet (cj) objects, compact double (cd) objects, and featureless objects (un) that could not be resolved on a scale of several milliseconds. 
Spectral indices
The distrbutions of the spectral indices are shown on Fig.5 , hatched for type 1 and solid gray for type 2 GPS sources. According to the values of spectral indices and the Kruskal-Wallis criterion (p < 0.005), the subsamples of the GPS objects of these types do not belong to the same distribution (Table 7) . Type 2 GPS objects have statistically flatter spectra in the optically thick and thin emission regions, that in standart models is usually considered as the presence of additional compact synchrotron components [30] . The distribution of the α below and α above for GPS type 1 has a wider shape and may indicate the heterogeneity of the sample and presence of the various properties of the radiating medium. There are statistical differences between the distributions of all measured parameters for type 1 and type 2 GPS objects (z, ν obs , ν int , F W HM , angular size θ, and radio luminosity L 5GHz ). The average value of α below differs significantly from the theoretical limit for a uniform source of synchrotron radiation, α below = 2.5, and this fact has been confirmed by observations [92] . Only five objects have measured spectral indices α below of about 2 or greater (Table 8 ). This value is reliably determined for the galaxy 1447 − 34 due to the large number of RATAN multifrequency measurements [13, 15] and low flux densities variability.
We determined 32 GPS objects with an ultra-steep radio spectra α above < −1 ( Table 9 ). There are no redshift measurements for 11 of them and five objects have redshifts greater than 3. The sample contains a Figure 5 . Left: the "z -α above " relation for all objects of the initial sample (triangles and crosses); with additionally plotted galaxies from [93] (circles); the dashed and solid lines show the linear interpolations of the formulas given in this paper and in [93] . Right: the same obtained by binnong with ∆z=0.2; here α above is computed as the median value in each redshift bin.
total of 17 objects withz > 3. We have not found a statistically significant trend in the relation z vs. α above for both GPS types (Fig. 6 ). For comparison we have presented in the figure the measurements for 108 galaxies from [93] . These galaxies are candidates to ultra-steep spectrum objects with α 150−5000M Hz < −1). The black and gray dashed lines show direct approximations of the data. Röttgering et al. [93] found statistically significant correlation in the relation "z -α above ", which supports the hypothesis that searching for objects with ultra-steep spectra can be used to detect for high-redshift sources (z > 3).
We subdivided the initial sample into redshift bins of ∆z=0.2 and determined the median α above value in each bin (Fig. 6b) . The statistically significant correlation (k sp = −0.59, p < 0.005) have been determined, which indicates the average spectral index steepening with increasing z within the adjusted cosmological intervals. 
F W HM of the spectra
One of the common GPS selection criteria is based on the FWHM (in decades of frequency). The authors of [1, 45, 46] set it equal to 1.2 for the classical case. However, the measured FWHM are almost always Table 9 . Objects with ultra-steep spectra α above <-1. greater than 1.2 [13, 15] . We obtained an average FWHM = 1.5 for type 2 GPS objects, which is somewhat greater (broader) than for type 1 GPS objects (Fig. 7) , which is equal to 1.4 decades of frequency. The full width FWHM is related to the steepness of the spectrum and to the features of its flat part, where α ∼ 0. For some objects, this part is quite broad, as, e.g., for the blazar 2022+61, or, on the contrary, very narrow (1340+37) (see the catalog of spectra). A broad spectrum is often associated with the variability of radio emission; in this case we observe superpositions of several time-varying radio spectra. Such spectra are more commonly found in blazars. The presence of several compact components also plays a crucial role. Narrow spectrum is inherrent in the case of the lack of measurements. To see whether the slopes of the spectra are consistent with the width, we analyzed the relation between α below and α above and obtained a statistically significant linear trend (Fig. 8) , with the regression coefficient of k = −0.4 (p < 0.005) There is no dependence between spectral indices for the type 1 GPS sample under investigation.
Estimation of linear size
We determined the linear sizes of emitting regions by the following formula [44, 94] :
it follows from: Figure 6 . The FWHM distribution for GPS objects of both types. The dotted and dashed lines show the median FWHM values for type 1 and type 2 GPS objects. Figure 7 . Relation between the spectral indices α below and α above for GPS objects of both types. The sizes of the symbols denotes the corresponding value of radio luminosity L 5GHz .
where B is the magnetic field strength in Gauss (we adopt the value of 100 µG for compact extragalactic sources with homogeneous distribution of magnetic field and relativistic particles [95] ), S max is the flux density value at the maximum of the radio spectrum in Jy; θ is the angular size in mas, and ν max is the observed frequency of the spectral peak in GHz.
The angular size estimates are made for a radio source with a homogeneous magnetic field and a power-law distribution of emitting particles with the self-absorption at the frequencies below ν obs . In the case where the object is a point source for the beam pattern the registered emission is a sum of the emission of the source components. Therefore formula (2) can be used to estimate the angular size of the upper limit of the emitting region. On the whole, for the sample, angular size θ does not exceed 10 mas (Fig. 9) . It is evident from Fig. 10 that brighter objects of type 2 (with the average L 5GHz ∼ 56 * 10 43 erg/s) have more compact sizes (0.6 mas).
The peak frequency ν int in the reference frame is related to the peak frequency in the observer's frame as ν int = ν obs (1 + z). The additional measurements used in this paper allowed us to extend the range of ν int values and analyze the "z − ν int " relation (Fig. 11) . Our result is in good agreement with earlier results, e.g., those reported in [9, 45] , extending the range of ν int from 0.2 to 20 GHz.
At the redshifts of z > 2 a deficit of objects with the ν int less than 1 GHz is observed. Here the solid line corresponds to the minimal value of ν int in the sample at a certain redshift. For comparison, we also show the ν int values from the low-frequency (0.74-210 MHz) GLEAM survey [41] . Starting with z > 2, our sample is dominated by HFP objects (ν int > 5 GHz). The GLEAM sample (110 sources) contains six sources for this redshift interval, with ν int spanning from 0.2 to 1 GHz. Fig. 12 shows the well-known θ −ν int anticorrelation [2] . Also, these quantities are linearly related in logarithmic scale:
We found a significant anticorrelation for the entire sample (k = −0.8, p < 0.005), which is strong for type 1 GPS objects (k = −0.86, p < 0.005) and somewhat weaker for type 2 GPS objects (k = −0.63, p < 0.005). The simple relation between the peak frequency and angular size in Fig. 12 appears continuous for all intervals of ν int and radio luminosity L 5GHz .
The existing anticorrelation often implies an evolutionary connection between HFP, GPS, and CSS [2, 20] . Young bright compact objects have a spectral peak at high radio frequencies; in the process of their evolution they expand, the peak shifts toward lower frequencies, and the luminosity decreases ("negative luminosity evolution" [96] ). It is interesting to note the presence of low-luminosity compact objects with a highfrequency peak. This fact indicates that the initial luminosity plays the crucial role in the morphological evolution of extragalactic radio sources. 
DISCUSSION
A multifrequency study of a complete sample of GPS objects at radio wavelengths revealed that this type of AGN is a heterogeneous group of compact extragalactic objects [30] . On the whole, they can be subdivided into two large groups. The first group is associated with classical GPS representatives and includes young objects with low variability. The second group is associated with beamed jet oblects, mostly blazars [30] . In this work we find that type 1 GPS objects are much rarer than it was previously assumed [1, 9] , and their fraction in the bright radio sources sample is less than 2%. The sample we studied contains GPS objects of first ("classic") and second ("blazar") type in the proportion of 60% to 40%.
Simultaneous multifrequency measurements of GPS objects performed with the same instrument over a long time period allowed us to eliminate the effects caused by variability of the objects. Almost one third Figure 9 . The radio luminosities L 5GHz distribution of type 1 (hatched) and type-2 (gray) GPS objects. Rest-frame peak frequency, GHz type 1 type 2 Callingham et al, 2017 Figure 10 . Relation between redshift and peak frequency in refernce ν int , for type 1 (squares) and type 2 (circles) GPS objects. The symbol sizes correspond to the radio luminosity L 5GHz . The dashed lines show the evolutionary curves of the frequency peak for ν int = 0.5 and 10 GHz; the solid line corresponds to the minimum value of the frequency ν int at a certain redshift. The black stars show the data for the comparison sample based on objects of the GLEAM low-frequency survey [41] .
of the objects of the initial sample exhibited activity (V ar > 35%) at the radio frequencies over long time scales. Many objects demonstrate the relatively quiet behavior in the radio domain. Strong flux variations exceeding level of 50% found in the form of rare irregular bursts. The GPS objects we studied are quite bright radio sources with the average radio luminosity of 10 43−44 erg/s at 5 GHz. For the GPS of type 1 an average luminosity is 1.4 * 10 44 erg/s and for type 2 -5.6 * 10 44 erg/s. Statistical differences in the distribution of spectral indices for two types of GPS objects revealed a variety of ambient conditions for the propagation of radio waves. In general, type 2 GPS objects have narrower distributions of all spectral parameters, making up more homogeneous sample with common influence of relativistic effects.
For most GPS objects the spectral index of the optically thick emission region α below is far from the theoretical limit of 2.5 [99] : the average values for type 1 and type 2 GPS objects reaches the value of +0.99 and +0.71, respectively. Three sources were found to have the spectral index of the optically thick emission region α below ≥ 2: J1447?34 (2.5), J0029?34 (2.1), and J1845 + 35 (2.2). The obtained relation "θ -ν int " in a good agreement with the results of a number of studies, e.g., [2, 9, 91] , where the relation between the size and the internal peak frequency is found to be ν int θ −0.59 . Figure 11 . Relation between the angular sizes of emitting regions and the peak frequency in the reference frame, "θ -ν int " , for type 1 (squares) and type 2 (circles) GPS objects. The gray circles show the relation "θ -ν int " for the entire sample. The black line shows the linear regression of the anticorrelation in a logarithmic scale as ν int θ −0.68 . The dashed lines show the ν int frequencies, which are equal to 0.5 and 1.0 GHz. The sizes of the symbols correspond to the radio luminosity L 5GHz .
The study and simulations of the morphological evolution of radio sources [100] [101] [102] have provided several scenarios of the relation between the size and luminosity of extragalactic objects. The evolutionary differences are based on the initial conditions: properties of the environment and the behavior of the jet activity. As a result, the simple "young-age" scenario is not always evident, but is just one of the possible ones.
Some GPS studies [15, 45] have found a deficit of GPS objects with peak frequencies lower than 1 GHz at high redshifts. In this study the deficit is evident despite the use of low-frequency measurements (see Fig.  11 ). A comparison of the "z -ν int " relation for our sample with the corresponding relation for a 110-object sample of the GLEAM survey [41] revealed their overall similarity at z > 2: in both cases the number of objects with ν int < 1GHz sharply decreases. The lack of large-scale components of synchrotron radiation during early Universe epochs is considered to be one of the possible causes of such deficit [45] .
In general, type 1 GPS objects are less bright than type 2 objects and therefore the mean redshift of the former averaged over the sample is smaller On the other hand there is a sharp drop of the type 2 GPS objects with low-frequency peak at high redshifts.
We found a statistical steepening of radio spectra with redshift increasing. Such correlation is expected for distant galaxies and has been found and discussed before [1, 35, 36, 96] . A comparative analysis of our sample and the sample of 108 USS (ultra-steep spectrum) galaxies [93] revealed a similar linear regression "z − α above ", however, in the case of our sample we found no significant correlation between these quantities (Fig. 6) . Considering that the sample in [93] consists of galaxies and our sample is a mix of galaxies and quasars, such result can be explained by the different morphologies of objects at relatively low redshifts. This is also apparent in Fig. 6a : we see mostly powerful GPS objects with increasing z. Subdividing our sample into small dz = 0.2 bins allowed us to reveal a trend for spectral steepening (the median values). The variety of object properties at relatively low redshifts shows up as the large scatter of α med , values, whereas starting with z > 2 we observe a well-defined linear trend.
The flux densities estimates of the hot spots on the Planck mission microwave background maps provides an information about the behavior of the GPS spectra at millimeter-and submillimeter-wave ranges in addition to the data available from the Planck catalog. Deriving two frequency spectra of sources in this range showed that part of the GPS objects can be classified as "intermediate", synchrotron-type objects, which, along with synchrotron radiation, may suggest the presence of a dust component. The rise of the spectra at high frequencies may be an indicator of both the presence of a signal from cold galactic dust on Planck maps and of the internal dust contribution of the sources. Taking into account that the spectral indices calculations based on estimated data, more accurate conclusions are impossible.
It has been correctly noted [97] that GPS studies are often based on classic bright samples, which rely on selection according to the shape of the spectrum without taking into account the physical features. A conservative approach leads to the absence of common criteria such as a compact structure (<kpc), polarization and variability, the presence of relativistic effects. Measurements of these values are available for a limited number of candidates; thus the samples are initially heterogeneous.
It is necessary to note the selection effects that affect our results: the absence of systematical decimiterwaveband measurements during the intitial selection of GPS objects, the lack of "broad" approach while constructing the sample, because the selection was made at the same frequency of 5 GHz, and also the lack of measurements of faint GPS [15] .
RESULTS
We obtained the following main results based on the GPS objects monitoring with the RATAN-600 radio telescope in 2006-2017:
1. the quasi-simultaneous measurements of flux densities at 1.1, 2.3, 4.8, 7.7/8.2, 11.2, and 21.7 GHz obtained with the RATAN-600 have been collected into the catalog; the broad band radio spectra have been constructed for the sample in the range of 0.072-857 GHz, based on RATAN-600 data with additional measurements from the GLEAM, TGSS and Planck surveys.
2. we selected 164 GPS objects and candidates, 17 of them have been classified as GPS for the first time.
The average value of the radio luminosity for GPS sample at 5 GHz is 10 43−44 erg/s. We confirm the relatively small proportion of GPS objects (1-2%) among bright AGNs. The sample contains GPS objects of first ("classic") and second ("blazar") type in the proportion of 60% to 40%. The statistical difference between the spectral parameters of two types GPS objects can reveal the heterogeneity of the physical conditions of the synchrotron emission formation in compact extragalactic objects.
3. The deficit of GPS objects with low peak frequencies (less than 1 GHz) at high redshifts (z > 2) have been confirmed. The statistical steepening of the GPS spectra with the redshit have been found in the considered cosmological epochs. At redshifts z ≤ 1.5 the contribution of the objects of different morphology is clearly noticeable, and at z > 2, the contribution of GPS objects with steeper spectra in optically thin emission regions increases.
SUPPLEMENTARY MATERIALS Figure 12 . Continuum radio spectra of GPS objects and candidates. The RATAN-600 measurements in 2006-2017 are shown with filled circles, and data from the CATS database -with empty circles, upper limits estimations of the flux densities from the Planck maps are shown with crosses.
